INTRODUCTION
Ankylosing spondylitis (AS) is the prototype of spondyloarthropathies (SpA), a group of Strengths and limitations of this study ▪ To our knowledge, this is the first study assessing the burden of illness of ankylosing spondylitis in a real-world setting in Canada. ▪ The large number of patients seen in a real-world setting during routine clinical practice enhances the generalisability of the data to the target population. ▪ Examination of radiographic progression was not possible as radiographic images are not collected in Biologic Treatment Registry Across Canada (BioTRAC). ▪ Completer analysis was used for the assessment of clinical and patient outcomes; therefore, the treatment effect may have been overestimated because of the healthy worker effect. ▪ Safety was assessed with the incidence of physician and patient-reported adverse events at every follow-up which may have led to underestimated rates due to patient recall bias.
diseases presenting with inflammation of the axial skeleton, peripheral arthritis and enthesitis (inflammation at insertion site of tendons, ligaments and joint capsules). 1 Extra-articular manifestations of AS include inflammatory bowel disease, anterior uveitis and psoriasis. 2 The disease generally manifests in the second to third decade of life. 3 4 The prevalence of AS is estimated to be as high as 0.9% and affects between 150 000 and 300 000 people in Canada. 5 Studies have shown that AS is associated with a significant economic burden which is directly associated with disease severity, in particular deteriorating physical function. [6] [7] [8] [9] Compared with the general population, individuals with AS have lower employment rates, experience more disability and are more frequently absent from work. [10] [11] [12] Currently, there is no cure for AS, but early diagnosis and treatment may control the clinical symptoms and minimise joint damage. 13 Traditional therapies, including non-steroidal anti-inflammatory drugs (NSAIDs) and physiotherapy have been the mainstay for treatment of AS.
14 Although these therapies remain the first-line treatment option, a substantial proportion of patients cannot be sufficiently treated with NSAID therapy alone. 15 Similarly, despite the efficacy of diseasemodifying anti-rheumatic drugs (DMARDs) in rheumatoid arthritis (RA), their impact on disease progression is only modest in patients with axial SpA, particularly those with AS. 16 17 Apart from NSAIDs and physiotherapy, no therapeutic agent with proven efficacy in AS was available until the introduction of antitumour necrosis factor α (TNF-α) agents. Treatment with infliximab (IFX), an anti-TNF-α agent, has been shown to result in significant improvements in disease activity (Bath AS Disease Activity Index, BASDAI), functional index (Bath AS Functional Index, BASFI) and spinal mobility (Bath AS Metrology Index, BASMI). [18] [19] [20] [21] Moreover, the clinical efficacy of IFX has been substantiated by magnetic resonance imaging (MRI) studies showing a clear reduction in acute inflammation in the spine and sacroiliac joints. 19 22 23 Although the salient features of diagnostic criteria for AS are radiographic sacroiliitis and symptoms and signs of axial arthritis, this is problematic because structural changes may only become apparent after 6-8 years of disease activity. [24] [25] [26] [27] [28] Furthermore, MRI is not recommended for the assessment of back pain in routine care due to its high cost. 29 This diagnostic delay may result in a decreased effectiveness to TNF-α inhibitors, where disease duration has been established as a predictor of response. 30 A paucity of literature exists discussing the efficacy and tolerability of anti-TNF-α in routine clinical practice. Post-approval clinical studies allow the assessment of the real-world effectiveness of treatments on the target population treated under routine care. Moreover, ongoing long-term surveillance for safety signals under routine clinical practice is necessary for the detection of rare, but potentially serious adverse events (SAEs).
Using data from the Biologic Treatment Registry Across Canada (BioTRAC), the current analysis describes the profile of patients with AS over time treated with IFX in Canada and describes the effectiveness and the safety of IFX in routine clinical practice.
METHODS

Study design
BioTRAC is an ongoing prospective, multicentre, observational registry collecting real-world clinical, laboratory, patient-centric and safety data in patients with RA, AS and psoriatic arthritis treated with IFX or golimumab (GLM) as part of their routine care. The historical development of the registry has been described by Thorne et al. 31 To date, there are over 70 rheumatology sites participating, both in an institutional and private setting, with over 1800 patients enrolled in the programme across all indications. In accordance with the observational nature of the registry, there is no protocoldefined intervention in the patient management and all clinical decisions, including anti-TNF initiation, and treatments are based on routine practice and the judgement of the treating physicians. Patients provided written informed consent prior to participation in the study. Ethics approvals for participation in the BioTRAC program were obtained from the respective Research Ethics Boards (REB) of participating institutional sites and a Central Institutional Review Board (IRB Services, Ontario Canada) for private practice sites. BioTRAC is conducted according to the tenets of the Declaration of Helsinki.
Study population
Biological-naïve patients or patients previously treated with a biological for <6 months and who are eligible for treatment with IFX or GLM as per the Canadian Product Monograph are considered for inclusion in the registry. For the purpose of the current analysis, patients with AS who initiated treatment with IFX between 2005 and 2013 were included. In order to examine differences in patient characteristics over time, the cohort was divided in two almost equal subgroups, those enrolled between 2005 and 2007 vs those enrolled between 2008 and 2013. All effectiveness analyses were performed in the modified intent-to-treat (mITT) population comprising all enrolled patients who received at least one dose of IFX and had at least one follow-up assessment (N=303). Safety analysis was based on the safety population including all patients who received at least one dose of IFX (N=320).
Data collection
The following clinical parameters and patient-reported outcomes were collected by the treating physician: morning stiffness, AS Disease Activity Score (ASDAS), BASDAI, BASFI, Health Assessment Questionnaire Disease Index (HAQ-DI), physician global assessment of disease activity (MDGA), patient global disease activity (PtGA), back pain, C-reactive protein (CRP) value and erythrocyte sedimentation rate (ESR) value. PtGA and back pain were based on the Assessment of SpondyloArthritis International Society (ASAS) core set. Safety was assessed with the incidence of AEs.
Statistical analysis
Descriptive statistics including measures of central tendency (mean, median) and dispersion (SD, 95% CIs of the mean) were presented for continuous patient characteristics and clinical outcome measures. Frequency distributions were produced for categorical variables. †Percentages based on patients who provided a response: employment (n=300); financial coverage (n=295); ASDAS disease activity (n=233). ‡Percentage based on total number of unemployed patients (n=139). §Capped at 120 min. AM stiffness, morning stiffness; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; CRP, C-reactive protein; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire Disease Index; IFX, infliximab; MDGA, physician global assessment of disease activity; NRS, Numeric Rating Scale; NSAIDs, non-steroidal anti-inflammatory drugs; PtGA, patient global disease activity.
Between-group differences in patient baseline characteristics and demographics across enrolment periods were assessed for statistical significance using the χ 2 statistic for categorical parameters and the independent-samples t test for continuous parameters. Within-group improvements in continuous disease parameters over time were assessed with linear mixed-effects models. The Kaplan-Meier (KM) estimator of the survival function was used to assess the durability of the treatment and time to employment; comparisons between subgroups were made with the log-rank test. AEs were classified according to the Medical Dictionary for Regulatory Activities (MedDRA V.13.0) and summarised using the total number of AEs, the total number and percentage of patients who experience an AE overall and by body system and preferred term. AE relationship to the study medication was based on the judgement of the treating physician. All statistical tests were two-sided, with a p value of 0.05 or less considered to indicate statistical significance. Statistical analyses were conducted with SPSS V.12.0 (SPSS Inc, Chicago, Illinois, USA) and SAS V.9.2 (SAS Institute, Cary, North Carolina, USA). following In the overall population, the majority of patients had very high (60.5%), or high (36.1%), ASDAS disease activity at baseline.
Effectiveness outcomes
The disease parameters over 48 months of treatment with IFX are summarised in figure 1. Statistically significant ( p<0.001) and clinically meaningful improvement was observed for all disease parameters evaluated including ESR, CRP, ASDAS, BASFI, BASDAI, HAQ-DI, MDGA, PtGA, back pain and morning stiffness at 6 months of treatment and was further sustained over 48 months. Regression analysis showed that patients enrolled in 2008-2013 had significantly lower disease activity over time compared with those enrolled in 2005-2007 as indicated by the statistically lower ESR ( p<0.001; figure 1A) , CRP ( p=0.027; figure 1B), ASDAS ( p=0.046; figure 1C ) and MDGA ( p=0.012; figure 1D ). No significant differences in BASFI (figure 1E), BASDAI (figure 1F), HAQ-DI (figure 1G), morning stiffness (figure 1H), PtGA ( figure 1I ) and back pain (figure 1J) were observed over time between enrolment periods. By 6, 12, 24, 36 and 48 months, 56%, 66%, 72%, 77% and 75%, respectively, of patients achieved clinically important improvement in ASDAS (change ≥1.1; figure 2A) ; major improvement (change ≥2.0) in ASDAS was achieved by 31%, 37%, 49%, 47% and 50%, respectively. No statistically significant differences were observed between the two groups in terms of meeting ASDAS end points. Achievement of ASDAS major improvement was faster within the earlier enrolment period (figure 2B) which could be due to the higher baseline ASDAS in this group.
The proportion of patients employed at baseline was 53.7%. Of these patients, 3 (1.9%) patients became unemployed due to disability during the course of the follow-up. Among patients unemployed due to disability at baseline, 8 (12.1%) patients returned to work after a mean (95% CI) KM-based time of 38.8 (33.2-44.4) months.
Discontinuations, safety and tolerability A total of 320 patients received at least one dose of IFX and were included in the safety population. After an average of 19.3 months of follow-up, 104 (32.5%) patients discontinued from the study. Reasons for discontinuation included: lack/loss of response (n=34; 10.6%), AE (n=28; 8.8%), loss to follow-up (n=11; 3.4%), withdrawal of consent (n=10; 3.1%), geographic issues (n=6; 1.9%), disease progression (n=4; 1.3%), patient received other therapy (n=4; 1.3%), financial reasons (n=3; 0.9%), complete response (n=2; 0.6%) and other (n=2; 0.6%). Using survival analysis, mean (95% CI) time to discontinuation was 43.0 (38.7-47.3) months for the total cohort, with a probability of retention of 78.3% and 60.1% at 12 and 24 months, respectively, and time to discontinuation due to lack/loss of response, disease progression, AE or change in therapy was 50.6 (46.3-55.1) months. No significant differences between enrolment periods were observed ( figure 3) . However, concomitant use of methotrexate was associated with significantly higher durability of IFX treatment (HR (95% CI) 0.63 (0.41 to 0.95)).
A total of 1153 AEs were reported by 175 (54.7%) patients, the majority of which 1107 (96.0%) were nonserious as per the judgement of the treating physician. Table 2 describes AEs occurring in ≥2% of patients. The most frequently reported AEs were arthralgia (8.1% of patients), back pain (7.5%), nasopharyngitis (6.9%) and pain in extremities (5.9%). Infusion-related reactions were reported for 2.9% of patients. Overall, no significant differences in the profile and incidence of AEs was observed between enrolment periods with the exception of pain (7.9% vs 1.7%; p=0.016) and neck pain (7.9% vs 1.1%; p=0.006), which were higher in the 2005-2007 enrolment period.
A total of 43 SAEs were reported for 26 (8.1%) patients (table 3) and 2008-2013 and to assess the effectiveness and the safety of IFX in routine clinical practice over a 48-month period. Mean (SD) disease duration at IFX initiation in the current study was 9.6 (10.0) years which is comparable with that reported in the Anti-TNF Treatment of RA (ATTRA) registry (8.1 (6.9) years). 32 Other biological treatment registries, such as Turkey's Turkiye Romatizma Arastirma Savas Dernegi-Izlem Programi (TRASD-IP), 33 Spain's national registry of spondyloarthropathies (REGISPONSER), 25 Denmark's Danish Rheumatologic Database (DANBIO) 34 and Czech Republic's ATTRA 32 have reported disease durations that varied from 5.0 35 to 15.5 years. 36 37 One-year and 2-year retention was 78.3% and 60.1%, respectively, which is comparable with the first course biological retention rate reported for the DANBIO registry (2-year retention: 58%) but lower than that reported for ATTRA (1-year retention: 84%; 2-year retention: 76%). 32 34 These differences could possibly be attributed in differences in patient management such as the concomitant use of methotrexate which was identified as a predictor of improved IFX treatment durability. This association has been previously shown and might be due to the improved persistence with anti-TNF treatment in patients with AS treated concomitantly with DMARDs previously described. 38 39 Subgroup analysis by enrolment period showed that the profile of patients initiating treatment with IFX in Canadian routine care has changed towards less severe disease, shorter disease duration and lower number of prior DMARDs in recent years. The shorter disease duration in the recent enrolment period may be due to changes in patient management involving the earlier initiation of biologicals or an overall increased awareness leading to earlier AS diagnosis. Although between-group differences were not observed for gender, the proportion of females was higher than expected given that previous studies have demonstrated that AS predominantly affects males at a ratio of 3:1. 40 41 The frequency of concomitant DMARD therapy was relatively low (28.7%) and comparable between enrolment periods which is in line with previous studies showing that their impact on disease progression is only modest in patients with axial SpA, particularly those with AS. 16 17 Treatment resulted in lower disease activity over 48 months in patients enrolled between 2008 and 2013 suggesting that patients may benefit from earlier treatment with IFX. Treatment with IFX for 6 months resulted in significant improvement in all outcomes which was further sustained until 48 months. With respect to BASDAI, the REGISPONSER registry showed similar improvements assessed over a period of <5 years. 25 The change in BASFI, BASDAI and MDGA during the first 6 months of treatment was also in line with the results observed in the studies conducted by Glintborg et al 34 and Haibel et al, 36 where participants were similarly treated with biological drugs. The Czech national registry showed comparable results in terms of baseline BASDAI, BASFI, HAQ and CRP disease parameters; over 36 months of treatment, the mean (SD) change in BASDAI of 3.0 (2.5) and CRP level of 7.5 (16.2) mg/L were also in line with our results over the same time period. 32 IFX resulted in clinically important improvements for ASDAS, with an increase in the percentage of responders increasing from 56% at 6 months to 75% at 48 months. The increased rate of major ASDAS improvement observed in the first 12 months of treatment in patients in the earlier enrolment period could possibly be explained by the higher baseline disease activity in this population.
In the present study, the unemployment rate at baseline was 47.5% which was similar to that reported in a large cohort study conducted in the UK (40%). 42 Other European studies have shown that unemployment rates among patients with AS can range from 15% to 45%. 4 43-45 The literature has also reported that work disability rates ranged from 3% after 8 years to 50% after 45 years of disease in patients with AS. 43 During the course of our study, a low rate (1.9%) of patients became unemployed due to disability while on IFX treatment; while 12.1% of patients who were unemployed due to disability at baseline returned to work. From a socioeconomic perspective, early initiation of IFX could have implications on the economy, use of healthcare resources and indirect costs associated with physical impairment. 4 43 46 IFX was generally well tolerated by patients with AS in the current study. The incidence of AEs and SAEs was comparable across enrolment periods, with the exception of pain which was more common in the earlier enrolment period. Serious infections occurred in 0.3% of patients. No tuberculosis cases or malignancies were observed. The incidence of AEs was lower relative to what has been reported in other studies. 47 48 The lower incidence rate of AEs in this study may have been caused by patient recall bias given the longer interval between follow-up assessments as compared with randomised controlled trials.
Treatment retention was high with 32.5% of patients discontinuing treatment after 43 months. Treatment discontinuation due to lack/loss of response or disease progression was 11.9% while 8.8% were discontinued due to an AE. Our study has certain limitations. Although several approaches were used to assess disease activity, radiographic images are not collected in BioTRAC, thus not allowing the examination of radiographic progression. In addition, completer analysis was used for the assessment of clinical and patient outcomes; therefore, the treatment effect may have been overestimated because of the healthy worker effect. Safety was assessed with the incidence of physician and patient-reported AEs at every follow-up which may have led to underestimated rates due to patient recall bias. A strength of the study, however, is the large number of patients seen in a realworld setting during routine clinical practice which enhances the generalisability of the data to the target population.
In conclusion, the results of the current study suggest that characteristics of patients with AS at initiation of IFX and patient management by the treating physicians have changed over time. Treatment with IFX was well tolerated and effective in improving clinical parameters, patient-reported outcomes and patient ability to work. Early diagnosis and treatment initiation at the early stages of the disease process may be beneficial in terms of clinical response and patient-reported outcomes which may have significant economic implications.
